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Introduction
The most commonly recognized cardiovascular risk factors (CVRF) include smoking cigarettes, arterial hypertension (AH), hypercholesterolemia, hypertriglyceridemia, type 2 diabetes mellitus (DM), and the presence of overweight or obesity. 1 According to the World Health Organization (WHO), smoking cigarettes affected 21% of the world population ≥15 years of life in 2012 (36% men and 7% women, in Poland around 26% individuals). In 2014, AH was diagnosed in 22% of persons over 18 years of age worldwide (in Poland around 33.5%, including 30.4% of women and 36.8% of men). In 2008, hypercholesterolemia was present in about 39% of the world population and around 54% of the European population. 2 According to the results of the WOBASZ study in Poland, elevated total cholesterol concentration was found in 67% of men and 64% of women. 3 Patients with diabetes accounted for around 9% of the world population; in Poland, 1,134,000 people had diabetes in 2000. On the other hand, obesity affected 13% of people worldwide in 2014; simultaneously, overweight was detected in 39% of people. In the European population, overweight was present in around 50% of women and men and obesity in 23% of women and 20% of men. 2 Endogenous methylarginines represent products of arginine metabolism. Arginine residues in protein molecules may undergo post-translational modification, including methylation, involving the addition of 1 or 2 methyl groups to guanidine nitrogens of arginine, with the mediation of protein arginine methyl transferases (PRMTs). Two types of PRMTs are distinguished: type 1 catalyzes the addition of 2 methyl groups to a single guanidine residue, which results in the formation of the asymmetric dimethylarginine (ADMA). On the other hand, type 2 of PRMTs induces the addition of a single methyl group to each of the 2 guanidine residues, thus yielding a synthesis of symmetric dimethylarginine (SDMA). The 2 types of PRMT may also add a single methyl group, yielding N-monomethyl-arginine (L-NMMA). In those reactions, S-adenosyl-methionine (SAM) serves as a donor of methyl groups, and the reaction product is S-adenosyl-homocysteine (SAH). Following proteolysis, free L-NMMA, ADMA and SDMA are released to the cytosol. L-NMMA and ADMA act as competitive inhibitors for all 3 isoforms of nitrogen oxide synthase (NOS), while SDMA does not manifest such an activity. 4, 5 Nitrogen oxide synthase catalyzes conversion of L-arginine to citrulline and NO. Asymmetric dimethylarginine acts as the competitive inhibitor of NOS due to its competition with L-arginine. Asymmetric dimethylarginine and L-NMMA are eliminated from the body in part through the kidneys and also by enzymatic degradation with the mediation of enzymes, namely, the dimethylarginine dimethyl-aminohydrolases (DDAH). Symmetric dimethylarginine is almost completely eliminated through the kidneys. However, ADMA becomes eliminated mostly through enzymatic decomposition. Citrulline and dimethylamine are the products of enzymatic decomposition of ADMA. Nitrogen oxide (NO) is a direct inhibitor of DDAH, which probably provides a homeostatic mechanism, through which an increased concentration of NO may inhibit its further synthesis. 4, 5 Nitrogen oxide constitutes one of the main, endotheliumdependent vasoactive mediators, playing a principal role in the maintenance of tonus and the structure of vascular walls. In the cardiovascular system, NO is responsible for numerous activities such as endothelium-dependent vasodilation, inhibition of platelet aggregation, and inhibition of leukocyte adhesion and of smooth muscle cell proliferation. Moreover, NO manifests an anti-oxidative effect, which reduces the synthesis of superoxide radicals and oxidation of low-density lipoprotein (LDL) molecules. Since all the mechanisms are known as factors promoting the development of atherosclerosis, NO has been termed the anti-sclerotic molecule. 6 Asymmetric dimethylarginine, due to its ability to inhibit synthesis of NO, is regarded to represent a marker of endothelial dysfunction. 6 In recent years, investigations have documented the significance of endogenous methylarginines in the pathogenesis of cardiovascular system disease. Endogenous methylarginines concentration in blood has been evaluated in various diseases of the cardiovascular system, including in individuals with various CVRF. [5] [6] [7] [8] [9] [10] [11] [12] However, the available literature contains no unequivocal data related to the relationship between the coexistence of CVRF and the concentration of ADMA in the blood.
This study evaluated the relationship between the number of CVRF and blood ADMA concentration. Moreover, we have attempted to determine CVRF linked to the highest probability of elevated blood ADMA concentrations.
Material and methods
The studies were conducted on 138 individuals, 39-79 years of age. Among the participants, men accounted for 33.33% (46 persons), and women for 66.67% (92 persons). The mean age in the study group was 54.90 ±10.38 years. The general characteristics of the entire studied group are presented in Table 1 .
The participants were subjected to questionnaire studies, after which basic anthropometric measurements were performed; arterial blood pressure was measured and routine blood tests were carried out, such as total cholesterol, triglycerides and glucose concentrations (Boehringer Mannheim GmbH, Mannheim, Germany). Also, concentrations of L-arginine and of endogenous methylarginines in plasma were estimated using high-performance liquid chromatography (HPLC). Arginine and its methyl derivatives were isolated from serum using a powerful cation exchanger: the mixture of concentrated ammonia, water and methanol in the volume ratios of 10:40:50 and, then, using o-phthalic aldehyde (OPA), in an alkaline medium, they were transformed to derivatives of fluorescent properties and separated using HPLC column (Symmetry C18 HPLC; Waters Co., Milford, USA). The separation and detection was conducted at room temperature using a fluorescence detector (Varian Pro Star 363, Varian Analytical Instruments, Walnut Creek, USA) (excitation: 340 nm, emission: 455 nm).
An anamnesis, physical examination and laboratory tests allowed us to characterize every participant in respect of CVRF, i.e., smoking habit, AH, hypercholesterolemia, hypertriglyceridemia, type 2 DM, and overweight/obesity. Cardiovascular risk factors have been evaluated, which, according to the INTERHEART study, account for 80% of the population risk. 1 The active cigarette smoking habit was defined as a single cigarette smoked daily at least for the last year. Arterial hypertension was diagnosed in line with the Joint National Committee (JNC 8) recommendations, when a mean of 2 measurements amounted to ≥140 mm Hg in the case of systolic blood pressure and/or 90 mm Hg in the case of diastolic blood pressure. Hypercholesterolemia was diagnosed in cases when total cholesterol concentration was ≥200 mg%. Hypertriglyceridemia was diagnosed when triglycerides concentration was ≥150 mg%. Diabetes was diagnosed when incidental glycemia amounted to ≥200 mg/dL and it was accompanied by typical diabetic signs or when 2 separate measurements of fasting glycemia amounted to ≥126 mg/dL, or when glycemia in the 2-hour glucose tolerance test with the use of 75 g glucose amounted to ≥200 mg/dL. In a situation when a participant declared taking any hypotensive drugs, AH was diagnosed independently of the measured values of arterial blood pressure. Analogously, individuals taking hypolipidemic agents were qualified as patients with dyslipidemia and the patients taking hypoglycemic drugs as patients with DM. Overweight was diagnosed upon body mass index (BMI) values in the range of 25-30 kg/m 2 and obesity upon BMI values exceeding 30 kg/m 2 .
On the basis of the number of detected CVRF, subgroups of participant were distinguished: 1) with no CVRF (group A, n = 21), 2) with 1-2 CVRF (group B, n = 53), 3) with 3-4 CVRF (group C, n = 55), or 4) with 5-6 CVRF (group D, n = 9).
Written informed consent was obtained from all persons taking part in the study. The study was approved by the Wroclaw Medical University Ethics Committee.
The statistical analysis was conducted using the STATIS-TICA v. 12.0 (StatSoft Polska, Kraków, Poland) software. For quantitative variables, arithmetic means and standard deviations (SD) of the estimated parameters were calculated in the examined groups. Distribution of the variables was tested using the Lilliefors and W-Shapiro-Wilk tests. In cases involving quantitative variables manifesting the normal distribution, the subsequent statistical analysis involved a ttest for unlinked variables or analysis of variance (ANOVA) (unifactorial, parametric). The Mann-Whitney U test was applied in cases involving variables manifesting a distribution divergent from the normal one, whereas for quantitative variables the non-parametric equivalent of ANOVA or Kruskal-Wallis test was applied. Statistically significant differences between arithmetic means were detected using the Newman-Keuls post-hoc test. For the quantitative variables, results were presented in the form of lists of percentages. For qualitative variables, in further statistical analysis, the Chi-square test of maximum likelihood was used. In order to define the relationship between studied variables, correlation and regression were analyzed. In the case involving quantitative variables manifesting the normal distribution, Pearson's r correlation coefficients were estimated, while in cases involving quantitative variables manifesting distribution divergent from the normal one, Spearman's r coefficients were calculated. Parameters of the model obtained in logistic analysis were estimated using the quasi-Newton method. Moreover, evaluations of the test accuracy were performed based on the receiver operating characteristic (ROC) curve analysis. Results at the level of p < 0.05 were accepted as statistically significant.
Results
Mean concentrations of L-arginine, ADMA and SDMA in plasma of participants are presented in Table 1 .
Concentrations of L-arginine and endogenous methylarginines in groups distinguished on the basis of single CVRF are presented in Table 2 . When groups of patients differing in single CVRF were compared, ADMA concentration in plasma was demonstrated to be significantly higher in the following participants: those with AH as compared to participants with no AH, among participants with hypercholesterolemia as compared to participants with no hypercholesterolemia, among participants with hypertriglyceridemia as compared to participants with no hypertriglyceridemia, and among participants with type 2 DM as compared to participants with no type 2 DM. Moreover, the mean values of arginine/ADMA ratio were significantly lower among participants with AH, as compared to participants with no AH, in participants with hypercholesterolemia, as compared to participants with no hypercholesterolemia, and among participants with hypertriglyceridemia as compared to participants with no hypertriglyceridemia.
Concentrations of L-arginine and endogenous methylarginines in the groups distinguished on the basis of the number of detected CVRF are presented in Table 3 . The comparative analysis of participant groups distinguished on the basis of the number of detected CVRF demonstrated that concentrations of ADMA in plasma were significantly higher in groups B, C and D than in group A. No significant differences were detected in ADMA concentrations in plasma between groups B, C and D. Moreover, in groups B, C and D mean values of arginine/ADMA quotient were significantly lower than in group A. An analysis of correlation revealed no linear relationship between the number of CVRF on the one hand, and concentrations of L-arginine and of endogenous methylarginines on the other. Nevertheless, significant linear relationships were detected: the positive one between ADMA concentration in plasma and cholesterol concentration in the blood (r = 0.19, p = 0.023) and negative ones between the value of arginine/ADMA ratio and cholesterol concentration in the blood (r = −0.22, p = 0.007), and also between the value of arginine/ADMA ratio and triglyceride concentration in the blood (r = −0.18, p = 0.030).
Results of estimations using the model reflecting the regression analysis are presented in Table 4 . In an analysis of multifactorial progressive stepwise regression, taking into account dichotomic, potentially independent variables, i.e., smoking of cigarettes, AH, hypercholesterolemia, hypertriglyceridemia, type 2 DM, and overweight/ obesity, the following model was obtained: ADMA = 0.953 + 0.380 type 2 DM + 0.355 AH + 0.284 hypercholesterolemia ±0.680. The model allowed us to conclude that, out of the evaluated CVRF, type 2 DM, followed by AH and hypercholesterolemia, were linked to the highest probability of elevated ADMA concentrations in plasma.
The sensitivity and specificity of ADMA concentration as a predictor of the CVRF number were presented in Table 5 . The ROC analysis indicated ADMA concentration values constituting predictor conditions for the CVRF number, being for CVRF ≥ 1 ≥0.76 μmol/L, for CVRF ≥ 2 ≥0.78 μmol/L, for CVRF ≥ 3 ≥0.85 μmol/L, for CVRF ≥ 4 ≥0.95 μmol/L, and for CVRF ≥ 5 ≥0.97 μmol/L. The highest prediction sensitivity of 95.2% was demonstrated for the ADMA criterion ≥0.76 μmol/L as a predictor 
NS NS
A vs B: 0.001 A vs C: 0.001 A vs D: 0.001 NS a mean values ± standard deviation (SD); ADMA -plasma asymmetric dimethylarginine concentration; CVRF -cardiovascular risk factor; NS -non significant; SDMA -plasma symmetric dimethylarginine concentration. of the CVRF ≥ 1 number, and the highest specificity equal to 79.2% for the ADMA criterion ≥0.78 μmol/L as a predictor of the CVRF ≥ 2 number. In general, the highest prediction accuracy of 81.2% was obtained for the ADMA criterion ≥0.76 μmol/L as a predictor of CVRF ≥ 1.
Discussion
We showed that higher blood ADMA levels may be the marker for higher cardiovascular risk. The comparative analyzes and the one-way analysis of dependencies (correlation analysis) demonstrated a relationship between selected CVRF and higher levels of ADMA in the blood. Higher levels of ADMA in the blood were observed in patients with hypertension, hypercholesterolemia, hypertriglyceridemia, and type 2 DM. A positive correlation between total cholesterol and ADMA concentration in the blood as well as negative correlations between total cholesterol and triglyceride concentrations and ADMA concentration in the blood were demonstrated. In the multivariate analysis of dependencies (regression analysis), it was confirmed that type 2 DM, hypertension and hypercholesterolemia are independently associated with higher levels of ADMA in the blood. Analysis of the dependency between CVRF and ADMA concentration in the blood indicated that in the context of ADMA concentration, the occurrence of the first CVRF is more important. Asymmetric dimethylarginine concentration in the blood was significantly higher in each group of patients with CVRF than in the group without CVRF. At the same time, there were no differences between the groups of patients with 1-2 CVRF, 3-4 CVRF and 5-6 CVRF. In addition, there was no linear dependency between CVRF and ADMA concentration in the blood, and the analysis of ROC curves and associations indicated the highest accuracy of the concentration criterion of ADMA > 0.76 μmol/L as a predictor of CVRF ≥ 1.
The results of the current study are consistent with the previous reports regarding CVRF and ADMA blood concentration. At the same time, they fill the gap in literature in the context of the relationships between the number of CVRF and ADMA.
In patients with AH, representing the other important CVRF, the elevated ADMA concentrations were described. In one of the studies, significantly higher ADMA levels in patients with AH and cardiovascular complications were noted, and especially in individuals with uncontrolled or not appropriately controlled AH as compared to the control group. Additionally, concentrations of ADMA correlated positively with the traditional CVRF. 13 Moreover, results obtained by Vallance et al. showed that in patients with renal failure, the AH developed significantly more frequently in patients with elevated blood ADMA level, 4 while Fliser et al. 14 and Schulze et al. 15 could not detect any relationship between ADMA concentration and values of arterial blood pressure. The other investigations 16, 17 allowed us to clarify the distinct results obtained in various studies: it has been found that the presence of additional risk factors, such as age, insulin resistance, dyslipidemia, or administered drugs, may modify ADMA levels and in this way they may disturb the relationship between ADMA and arterial blood pressure. Results of studies conducted by Poręba et al. showed that mean concentrations of ADMA were significantly higher and the arginine/ADMA ratio was significantly lower in people with AH and co-existing leftventricular diastolic dysfunction (LVDD) as compared to the group without LVDD. Also, in the group of patients with AH diagnosed within the recent 5 years, similar relations were found. The independent factors of LVDD risk included higher concentrations of ADMA and LDL, higher values of BMI, of left ventricular myocardium (LVMI) and of higher mean arterial blood pressure. Thus, the authors proved that higher values of ADMA may carry a prognostic value in the context of the development of LVDD in individuals with AH. 18 An interesting publication by Achan et al. described the effects of intravenous administration of low ADMA dose on heart and systemic vascular resistance. In the study group consisting of 12 men without any serious disease, the application of ADMA caused a reduction in the heart rate and an decrease in cardiac output, and additionally an increase in mean arterial blood pressure and systemic vascular resistance. The effects resembled those detected in pathologies associated with accumulation of ADMA. 19 Our study clearly confirmed the relationship between hypertension and higher levels of ADMA in blood.
In a couple of studies, the relationships between elevated ADMA levels and a range of pathologies were investigated and among them some seem to be important in the aspect of cardiovascular risk. In a group of patients with hypercholesterolemia, elevated concentrations of ADMA and decreased values of L-arginine/ADMA ratio were present. The increase in ADMA concentration was linked to the inhibited endothelium-dependent vasodilatation and reduced excretion of nitrates. 9 In other reports, hypertriglyceridemia was accompanied by elevated levels of ADMA in a group of persons with insulin resistance, 20 while in the group of patients with dyslipidemia, higher values of endothelial dysfunction markers such as ADMA as well as plasma viscosity and the level of oxidized LDL molecules were documented, together with lower NO levels. 21 Results of several investigations indicate that ADMA concentrations are higher in diabetics as compared to patients without DM. 22, 23 Higher levels of ADMA were described, as previously mentioned, also in persons with insulin resistance. 20 Moreover, the data was then supported by the different studies in the group of diabetics, where higher concentrations of ADMA were linked to the progression of atherosclerosis and an elevated risk of cardiovascular events. Therefore, the conclusion was drawn that ADMA represents the independent marker of progression involving cardiovascular complications in diabetic patients. [24] [25] [26] Nevertheless, the results of certain studies failed to confirm this relationship; for example, Anderssohn et al. and Böger et al. could not find the relationship between ADMA and cardiovascular events in diabetic patients. 27, 28 Such discrepancies may reflect the distinct activity of enzymes linked to the degradation of ADMA (DDAH), influenced by numerous variables: genetic lesions, including polymorphism of genes responsible for synthesis of DDAH 1 and DDAH2, presence of DM itself, and the applied hypoglycemic drugs. 27 The other authors detected lower concentrations of ADMA and uric acid and, at the same time, higher levels of HbA1c, LDL-cholesterol and NO in 99 women with type 1 DM, as compared to the control group. The results, which seem to be completely distinct from the previously discussed, may reflect the selection of the investigated group, preferring women with type 1 DM with no additional risk factors, probably affected by less pronounced oxidative stress, which could inhibit the activity of enzymes engaged in ADMA degradation, than in the groups subjected to other studies. 29 Current studies confirm the relation between the occurrence of type 2 DM and higher levels of ADMA in the blood. Simultaneously, it should be noted that type 2 DM, when compared with various examined CVRF, proved to be the strongest predictor of higher ADMA levels in the blood in a regression analysis.
The results of the present study allow us to recognize higher levels of ADMA as an indicator of higher cardiovascular risk associated with the occurrence of recognized risk factors. However, the higher concentration of ADMA still cannot be considered as an independent CVRF. In the methodology of the current study, the data was collected at the same time in a single determination. To consider higher levels of ADMA in the blood as an independent CVRF, a long-term analysis with an assessment of long-term adverse cardiovascular events would be most appropriate.
In the light of previous publications, higher cardiovascular risk results mainly from endothelial dysfunction. Asymmetric dimethylarginine represents a competitive inhibitor of NOS. Nitrogen oxide performs a controlling function in several mechanisms of the cardiovascular system and, among others, it controls the tension of vascular walls; simultaneously, it is considered to be the principal factor linked to endothelium vasodilatation. Moreover, it controls the structure of vascular walls (inhibits smooth muscle proliferation) as well as interactions between cells of blood vessels (inhibiting adhesion and aggregation of platelets and adhesion of monocytes). Increased levels of ADMA lead to decreased concentrations of NO, abrogation of its biological functions and, in this way, to endothelial dysfunction. Endothelial dysfunction is linked to an elevated cardiovascular risk. 10 In addition to the formerly discussed relationship between the CVRF number and ADMA blood concentration, the currently discussed study complements the existing scientific literature of the topic regarding the CVRF prediction attempts using a single determination of ADMA concentration. The results of the performed analyses indicated the highest accuracy of prediction (amounting to 81.2%) for the ADMA criterion ≥0.76 μmol/L as a predictor of the CVRF ≥ 1 number, although it should be noted that the accuracy levels in the range of 53.6-77.5% for other CVRF numbers also appear to be acceptable.
The current study is not devoid of several limitations. In the field of study material, a significant limitation is the number of patients examined. Despite the inclusion of 138 people in the study, in a comparative analysis, a subgroup of people with 5-6 CVRF is represented by only 9 people, which significantly limits the validity of the obtained results. The overrepresentation in the studied group of women, who accounted for 2/3 of the respondents, is also worth noting. In the field of study methodology, the selection of analyzed CVRF may be considered controversial. When selecting them, the INTERHEART study criteria were used and those CVRF can attribute to 80% of the population risk. In addition, the study is limited by the single stage of measurements made and the data collected. Consequently, the results of the study only allow for the recognition of higher levels of ADMA as an indicator of higher cardiovascular risk.
Conclusions
A higher concentration of ADMA in the blood may be a marker for higher cardiovascular risk, especially associated with hypertension, type 2 DM and hypercholesterolemia.
